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(57) ABSTRACT

The present invention provides a vehicle seat which includes
a seat back including a seat back body and an upholstery that
covers front, back, and upper surfaces and both side surfaces
of the seat back body. In the vehicle seat, the seat back body
includes a frame having a frame shape and serving as a
framework, a front-side cover portion placed so as to cover a
front side of an 1nner space of the frame and supporting a back
ol a seated occupant, and a back-side cover portion placed so
as to cover a rear side of the mner space. The front-side cover
portion and the back-side cover portion are covered by the
upholstery. The back-side cover portion includes a flexible
back-side sheet body stretched across the frame.

14 Claims, 9 Drawing Sheets
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1
VEHICLE SEAT

TECHNICAL FIELD

The present invention relates to vehicle seats having a seat
back, and more particularly to vehicle seats capable of imple-
menting reduction i weight.

BACKGROUND ART

Conventionally, seats for, e.g., cars have a synthetic resin
board member placed on the back side of a seat back so as to
form the back surface of the seat back (see, e.g., Patent Lait-
erature 1). When a backseat occupant or passenger presses the
seat back of a seat in front of him/her, this board member
serves not to allow the influence of such pressing to be trans-
mitted to the back of a passenger or occupant seated on this
seat.

CITATION LIST
Patent Literature

Patent Literature 1: Japanese Patent Application Publica-
tion No. 2011-231670

SUMMARY OF THE INVENTION

Technical Problem

In the conventional seats, the back surface of the seat back
1s formed by the board member. Even though the board mem-
ber 1s made of a synthetic resin, it needs to be thick enough to
achieve approprate strength. In recent years, reduction 1n
weilght of the seats has been so greatly desired that the weight
of the board member has become an issue.

The present invention was developed to overcome the con-
ventional disadvantage, and 1t 1s an object of the present
invention to provide a vehicle seat capable of suppressing any
influence from a backseat occupant or passenger and capable
of implementing reduction 1n weight.

Solution to Problem

A vehicle seat according to the present mnvention has the
following configuration 1n order to achieve the above object.

A vehicle seat according to a first aspect of the present
invention 1s a vehicle seat including: a seat back including a
seat back body and an upholstery that covers front, back, and
upper surfaces and both side surfaces of the seat back body.
The seat back body includes a frame having a frame shape and
serving as a framework, a front-side cover portion placed so
as to cover a front side of an mnner space of the frame and
supporting a back of a seated occupant, and a back-side cover
portion placed so as to cover a rear side of the 1nner space, and
the front-side cover portion and the back-side cover portion
are covered by the upholstery. The back-side cover portion
includes a flexible back-side sheet body stretched across the
frame.

According to this seat, the front-side cover portion of the
seat back body covers the front side of the mner space of the
frame, and the back-side cover portion of the seat back body
covers the back side of the inner space. Thus, the seat back
body has the inner space between the front-side cover portion
and the back-side cover portion. The front-side cover portion
supports the back of the seated occupant, and supports the
weilght of the seated occupant leaning back in the seat. The
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back-side cover portion of the seat back body includes the
flexible back-side sheet body. The back-side sheet body 1s

stretched across the trame. This can avoid excessive deflec-

tion of the back-side sheet body when the seat back 1s pressed
from behind. The back-side sheet body forms the back-side

cover portion, and 1s covered by the upholstery. Thus, the
back-side sheet body 1s not required to have such texture and
decorativeness that are required for the upholstery, and can
specialize only 1n the above function as the back-side sheet
body. This increases choices of the material of the back-side
sheet body, and facilitates manufacturing of the seat back.
Moreover, providing the back-side cover portion with the
back-side sheet body can reduce the weight of the back-side
cover portion and thus the weight of the seat.

As 1n the vehicle seat according to a second aspect of the
present invention, in the vehicle seat according to the first
aspect of the present invention, the front-side cover portion
may 1nclude a flexible front-side sheet body and a spring
member extended between a peripheral edge of the front-side
sheet body and the frame to pull and tense the front-side sheet

body.

Advantageous Effects of Invention

According to the vehicle seat of the present invention, 1n
addition to the upholstery, the back-side sheet body 1s pro-
vided on the back side of the seat back so as to be stretched
across the frame. This can accurately suppress the intluence
from a backseat occupant or passenger, and can reduce the
weight of the seat.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a front view of a seat back according to an
embodiment of the present invention;

FIG. 2 1s a back view of the seat back according to the
embodiment of the present invention;

FIG. 3 1s an exploded perspective view of the seat back
according to the embodiment of the present invention;

FIG. 4 1s an exploded perspective view of a back frame
assembly according to the embodiment of the present inven-
tion;

FIG. 5 1s an enlarged sectional view of a main part taken
along line V-V 1n FIG. 1 according to the embodiment of the
present invention;

FIG. 6 1s an enlarged sectional view of a main part taken
along line VI-VI1n FIG. 1 according to the embodiment of the
present invention;

FIG. 7 1s an enlarged sectional view of a main part taken
along line VII-VII in FIG. 1 according to the embodiment of
the present invention;

FIG. 8 1s a front view of the seat back with its upholstery
and padding removed therefrom according to the embodi-
ment of the present invention; and

FIG. 9 1s a back view of the seat back with its upholstery
and padding removed therefrom according to the embodi-
ment of the present invention.

DESCRIPTION OF EMBODIMENTS

An embodiment of a vehicle seat according to the present
invention will be described with reference to the accompany-
ing drawings.

FIGS. 1 to 9 show an embodiment of the present invention.
A seat according to the present invention 1s a seat for vehicles
such as railway vehicles, buses, passenger cars, ships, and
airplanes, and 1s applied to a seat having a seat back 1 (the
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illustrated embodiment 1s a seat that 1s preferably used 1n
public transportation such as railway vehicles and buses).

The seat back 1 includes a seat back body 2 and an uphol-
stery 3 that covers the front, back, and upper surfaces and both
side surfaces of the seat back body 2 (see FIG. 3). The seat
back body 2 includes a frame 4 having a frame shape and
serving as a framework, a front-side cover portion 5 placed so
as to cover the front side of an inner space 4a of the frame 4
to support the back of a seated occupant, and a back-side
cover portion 6 placed so as to cover the rear side of the inner
space 4a. The front-side cover portion 3 and the back-side
cover portion 6 are covered by the upholstery 3.

The front-side cover portion 3 includes a flexible front-side
sheet body 5a¢ and spring members 36 (in the illustrated
embodiment, coil springs) extended between the peripheral
edge of the front-side sheet body 5a and the frame 4 to pull
and tense the front-side sheet body 5a. The back-side cover
portion 6 includes a tlexible back-side sheet body 64 stretched
across the frame 4.

Specifically, as shown in FIG. 4, the frame 4 has side frame
portions 4b, 4b placed along both sides of the seat back body
2 (seat back 1), and a top frame portion 4¢ placed along the
upper side of the seat back body 2 (seat back 1) so as to
connect the upper ends of the side frame portions 456, 4b6. In
the 1llustrated embodiment, each of the side frame portions 45
and the top frame portion 4¢ 1s made of a pipe material having
a rectangular section (specifically, a rectangular section hav-
ing a longer side 1n the longitudinal direction). The frame 4
has a bottom frame portion 44 placed along the lower side of
the seat back body 2 (seat back 1) so as to connect the lower
parts of the side frame portions 4b, 45. In the illustrated
embodiment, the bottom frame portion 44 1s made of a pipe
material having a circular section. Attachment members 7 are
respectively fixed to the lower ends of the side frame portions
4b of the frame 4 1n order to attach the seat back 1 to a seating
portion (not shown) of the seat. An auxiliary material 8 hav-
ing, ¢.g., an L-shaped section 1s fixed to an intermediate part
of one of the side frame portions 45 along the outer side
surface of the side frame portion 4b.

The front-side sheet body 5a 1n the front-side cover portion
5 1s made of, e.g., cloth using polyester (especially, high
strength polyester), carbon fiber, nylon fiber, etc. The front-
side sheet body 5a has a rectangular shape having a longer
side 1n the vertical direction (see FIGS. 4 and 8). The front-
side sheet body 5a 1s placed so as to cover the front side of the
inner space 4a of the frame 4, and the upper and lower sides
of the front-side sheet body 5a are fixed to the frame 4 (spe-
cifically, the top frame portion 4¢ and the bottom frame por-
tion 44). The right and left sides of the front-side sheet body
5a are pulled 1n the lateral direction by the spring members
5b, 5b.

Specifically, the front-side sheet body 5a has bag portions
5¢, 5¢ formed by folding back the upper and lower sides of the
front-side sheet body 5a. Core materials 5d, 5d having, e.g., a
strip shape are mserted through the bag portions 3¢, 5¢, and
the core materials 5d, 3d together with the bag portions 5¢, 5c¢
are fastened to the frame 4 (specifically, the top frame portion
4d¢ and the bottom frame portion 44) by using fasteners 10, 10
such as rivets. The front-side sheet body 5a further has bag
portions Se, Se formed by folding back the right and left sides
of the front-side sheet body Sa. Core materials Sfhaving, e.g.,
a bar shape are 1nserted through the bag portions Se and one
ends of the spring members 556 are hooked on the core mate-
rials 5f. The other ends of the spring members 55 are hooked
on the frame 4 (specifically, the side frame portions 4b) via
connectors 5g formed by bending, e.g., a bar matenial. The
front-side sheet body 5a 1s thus supported 1n a laterally tensed
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state by the spring members 55 interposed between the front-
side sheet body 54 and the frame 4.

The front-side cover portion 5 has front padding 11a hav-
ing cushioning properties, in addition to the front-side sheet
body 5a and the spring members 5. The front padding 11a 1s
disposed in front of the front-side sheet body 3a, the spring
members 55, and the frame 4 to cover the front-side sheet
body 5a, the spring members 3b, and the frame 4. The front
padding 11qa 1s attached to the front-side sheet body 5a by
using, €.g., hook-and-loop fastener 12.

The back-side cover portion 6 includes a back-side upper
plate material 65 (specifically, back-side upper plate material
made of a metal) 1n addition to the back-side sheet body 6a
(see FIGS. 4 and 9). The back-side upper plate material 65 1s
extended across the frame 4 1n the upper part of the seat back
body 2 (seat back 1). The back-side upper plate material 65
has a rectangular shape with its upper right and left corners
being cut off. The nght and left sides of the back-side upper
plate material 65 are fixed to the side frame portions 45, 45,
and the upper side of the back-side upper plate maternial 65 1s
fixed to the top frame portion 4c.

The back-side sheet body 6a 1s placed continuously below
the back-side upper plate material 65 so as to cover, together
with the back-side upper plate material 6b, the rear side of the
iner space 4a (see FIGS. 4 and 9). Like the front-side sheet
body 5a, the back-side sheet body 6a 1s made of, e.g., cloth
using polyester (especially, high strength polyester), carbon
fiber, nylon fiber, etc. The back-side sheet body 6a has a
rectangular shape with all of 1ts corners being cut off. The
right and lett sides of the back-side sheet body 6a are fixed to
the side frame portions 45, 4b, the upper side of the back-side
sheet body 6a 1s fixed to the lower end portion of the back-side
upper plate material 65, and the lower side of the back-side
sheet body 6a 1s fixed to the bottom frame portion 4d (spe-
cifically, to the bottom frame portion 44 so as to overlap the
upper end portion of a back-side lower plate material 135
described below). Specifically, the back-side sheet body 6a
has bag portions 6d, 64 formed by folding back the right, left,
upper, and lower sides of the back-side sheet body 6a. Core
materials 6e, 6¢ having, e.g., a strip shape are inserted through
the bag portions 6d, 6d, and the core materials 6¢, 6¢ together
with the bag portions 6d, 6d are fastened to the side frame
portions 4b, 4b, the back-side upper plate material 65, and the
bottom frame portion 44 by using fasteners 13, 13 such as
rivets. The back-side sheet body 6a 1s attached by pulling the
back-side sheet body 6a in the lateral direction and fastening
the right and left sides of the back-side sheet body 64 to the
frame 4 (specifically, the side frame portions 45, 45), so that
the back-side sheet body 6a 1s stretched across the frame 4 in
a tensed state.

The back-side cover portion 6 has back padding 115 having
cushionming properties, in addition to the back-side sheet body
6a and the back-side upper plate material 65. The back pad-
ding 115 1s disposed behind the back-side upper plate mate-
rial 65 to cover the back-side upper plate material 65. The
back padding 115 1s a part that together with the front padding
11a forms padding 11. The padding 11 has, in addition to the
front padding 11a and the back padding 115, upper padding
11c¢ disposed above the frame 4 to cover the frame 4, and side
padding lid disposed on the lateral sides of the frame 4 to
cover the frame 4. The padding 11 1s integrally formed by the
front padding 11a, the back padding 115, the upper padding
11c, and the side padding 114 by using, e.g., an elastic mate-
rial such as urethane resin.

In the illustrated embodiment, the seat back body 2
includes a front-side lower plate material 14 and the back-side
lower plate material 135 1n the lower part of the seat back body
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2 (seatback 1) (see FIGS. 4 and 7). The front-side lower plate
material 14 and the back-side lower plate material 15 are
made of a metal. The back-side lower plate material 15 1s
fixed below the bottom frame portion 44 so as to be extended
between the side frame portions 4b, 45 and across the bottom
frame portion 4d. The front-side lower plate material 14 1s
fixed so as to be extended across the bottom frame portion 4d
and the lower end portion of the back-side lower plate mate-
rial 15.

The upholstery 3 covers the front, back, and upper surfaces
and both side surfaces of the seat back body 2 as described
above, and thus covers substantially the entire seat back body
2. That 1s, the upholstery 3 covers from the front padding 11a
to the front-side lower plate material 14 on the front side of the
seat back body 2, covers from the back padding 115 to the
back-side sheet body 6a and the back-side lower plate mate-
rial 15 on the back side of the seat back body 2, covers the
upper padding 11¢ on the upper side of the seat back body 2,
and covers the side padding 114 and the frame 4 on the right
and lett sides of the seat back body 2 (see FIGS. 5 to 7). The
upholstery 3 1s fixed to the seat back body 2 by using, e.g., a
hook-and-loop fastener.

A back frame assembly 16 (see FIGS. 3 and 4) 1s formed by
the frame 4, the front-side sheet body 34, the back-side upper
plate material 65, the back-side sheet body 64, etc. The core
maternials 5/, the spring members 355, the connectors Sg, the
padding 11, and the upholstery 3 described above are attached
to the back frame assembly 16.

The measurement result of the amount of detlection of the
back-side sheet body 6a of the back-side cover portion 6 of
the seat back 1 when being pressed from behind will be
described. The upholstery 3 1s pressed in the central portion of
the back-side sheet body 6a. In this case, a pressure plate
having a diameter of 64 mm 1s placed on the upholstery 3, and
1s pressed by a push-pull gauge. The amount of deflection was
6 to 10 mm when a pressing force was 49 N (5 kgt), and 14 to
16 mm when a pressing force was 98 N (10 kgt).

Moreover, the amount of deflection of the front-side cover
portion 3 (specifically, the amount of deflection of the front-
side sheet body 5a) in response to the weight of a seated
occupant was measured with the seated occupant shifting
his/her weight on the front-side cover portion 5 having the
front-side sheet body 3a 1n the state where the seat back 1 was

reclined. As a result, the amount of deflection was 8 to 12 mm
when the weight was 490 N (30 kgt), and 19 to 21 mm when

the weight was 882 N (90 kgt). The seat back 1 used 1n this
measurement had a space (1inner space 4a) of 40 mm between
the front-side sheet body 5a and the back-side sheet body 6a.
Accordingly, even if an occupant weighting 882 N (90 kgt) 1s
seated and the seat back 1 1s pressed from behind with a
pressing force of 98 N (10 kgt), a space of 3 to 7 mm 1s still
secured between the front-side sheet body 5a and the back-
side sheet body 6a. It 1s therefore preferable that the material
and thickness of the front-side sheet body Sa and the back-
side sheet body 6a, and the degree to which the front-side
sheet body 5a and the back-side sheet body 6a are tightened
be set so that the front-side sheet body 5a and the back-side
sheet body 6a do not contact each other when an occupant
welghting 882 N (90 kgt) 1s seated and a load 1s applied from
the front and back sides of the seat back 1 under the above
measurement conditions.

Advantages of the vehicle seat having the above configu-
ration will be described. The seat back 1 of this seat 1s formed
by the seat back body 2 and the upholstery 3 covering the seat
back body 2. The seat back body 2 includes the frame 4
having a frame shape and serving as a framework, the front-
side cover portion 5 covers the front side of the inner space 4a
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of the frame 4, and the back-side cover portion 6 covers the
back side of the inner space 4a. Thus, the seat back body 2 has
the inner space 4a between the front-side cover portion 5 and
the back-side cover portion 6. The front-side cover portion 5
supports the back of the seated occupant, and supports the
weight of the seated occupant leaning back 1n the seat.

The back-side cover portion 6 of the seat back body 2
includes the flexible back-side sheet body 6a. The back-side
sheet body 6a 1s stretched across the frame 4. This can avoid
excessive deflection of the back-side sheet body 6a when the
seat back 1 1s pressed from behind. In the illustrated embodi-
ment, the back-side sheet body 6a 1s stretched across the
frame 4 1n a tensed state, which further limits such deflection.
The back-side sheet body 6a forms the back-side cover por-
tion 6, and 1s covered by the upholstery 3. Thus, the back-side
sheet body 6a 1s not required to have such texture and deco-
rativeness that are required for the upholstery 3, and can
specialize only 1n the above function as the back-side sheet
body 6a. This increases choices of the maternial of the back-
side sheet body 6a, and facilitates manufacturing of the seat
back 1. Moreover, providing the back-side cover portion 6
with the back-side sheet body 6a can reduce the weight of the
back-side cover portion 6 and thus the weight of the seat.
According to this seat, 1n addition to the upholstery 3, the
back-side sheet body 6a 1s provided on the back side of the
seat back 1 so as to be stretched across the frame 4. This can
accurately suppress the influence from a backseat occupant,
and can reduce the weight of the seat.

The front-side cover portion 5 includes the flexible front-
side sheet body 3a and the spring members 56 pulling and
tensing the front-side sheet body 5a. The front-side sheet
body Sa and the spring members 55 thus support the weight of
the seated occupant leaning back in the seat. In the 1llustrated
embodiment, the front padding 11a covers the front side of
the front-side sheet body 5a and the spring members 3b. Thus,
the front-side sheet body 5a¢ and the spring members 356
support via the front padding 11a the weight of the seated
occupant leaning back in the seat. Since the front-side sheet
body 5a and the spring members 55 support the weight of the
seated occupant leaning back 1n the seat, the weight of the
front-side cover portion 5 can be reduced. Combining the
front-side cover portion 5 with the above-described back-side
cover portion 6 including the back-side sheet body 6a can
turther reduce the weight of the seat.

The present invention 1s not limited to the above embodi-
ment, and various modifications can be made to the embodi-
ment. For example, 1n the above embodiment, the front-side
cover portion 5 includes the front-side sheet body 5a and the
spring members 35 pulling and tensing the front-side sheet
body 5a, and the spring members 56 are disposed on the
lateral sides of the front-side sheet body 3a to support the
front-side sheet body 5a 1n a laterally tensed state. However,
the spring members 556 may also be disposed above and/or
below the front-side sheet body Sa to support the front-side
sheet body 5a 1n a vertically tensed state. The front-side cover
portion 5 may not be provided with the spring members 55,
and the front-side sheet body 5a may be stretched directly
across the frame 4 1n a tensed state.

The back-side sheet body 6a need only be stretched across
the frame 4, and does not have to be stretched across the frame
4 1n a tensed state.

The back-side sheet portion 6 includes the back-side upper
plate material 6b6. However, the back-side upper plate mate-
rial 656 may be omitted, and the back-side sheet body 6a may
be extended to the top frame portion 4c.

The front-side sheet body 5a and the back-side sheet body
6a are arranged so as to be located substantially at the same
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positions as the front and rear ends of the frame 4 i1n the
longitudinal direction. However, one or both of the front-side
sheet body 5a and the back-side sheet body 6a may be shifted
toward the other or toward each other 1f the required inner
space 4a 1s secured. Alternatively, a bracket, a spacer, efc.
may be mterposed between the frame 4 and one or both of the
front-side sheet body 5a and the back-side sheet body 6a so
that one or both of the front-side sheet body 3a and the
back-side sheet body 6a are shifted away from the other or
away from each other.

The front-side sheet body 5a and the back-side sheet body
6a do not have to be made of cloth, but may be made of a net,
a resin sheet, etc., or may be made of a combination thereof.

REFERENCE SIGNS LIST

1 seat back

2 seat back body

3 upholstery

4 frame

4aq 1nner space

5 front-side cover portion
5a front-side sheet body
5b spring member

6 back-side cover portion
6a back-side sheet body

65 back-side upper plate material

The mvention claimed 1s:

1. A vehicle seat, comprising:

a seat back including a seat back body and an upholstery
that covers front, back, and upper surfaces and both side
surfaces of the seat back body, wherein

the seat back body includes a frame having a frame shape
and serving as a framework, a front-side cover portion
placed so as to cover a front side of an 1nner space of the
frame and supporting a back of a seated occupant, and a
back-side cover portion placed so as to cover a rear side
of the iner space,

the front-side cover portion and the back-side cover portion
are covered by the upholstery,

the back-side cover portion 1ncludes a flexible back-side
sheet body stretched across the frame,

the flexible back-side sheet body comprises cloth, a net, a
resin sheet, or a combination thereof,

wherein the front-side cover portion includes a flexible
front-side sheet body and a spring member extended
between a peripheral edge of the front-side sheet body
and the frame to pull and tense the front-side sheet body,
and

wherein a degree to which the front-side sheet body and the
back-side sheet body are tightened is set such that the
front-side sheet body and the back-side sheet body do
not contact each other.

2. The vehicle seat according to claim 1, wherein the back-
side sheet body has a rectangular shape, and a left side, a right
side, an upper side and a lower side of the back-side sheet
body are fixed to the frame.

3. The vehicle seat according to claim 2, wherein the left
side, the right side and the lower side of the back-side sheet
body are fixed to the frame by using fasteners.

4. The vehicle seat according to claim 3, wherein the back-
side cover portion further includes a back-side upper plate
material that 1s extended across the frame and 1s fixed to the
frame, and the upper side of the back-side sheet body 1s fixed
to the back-side upper plate material by using the fasteners.
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5. The vehicle seat according to claim 3, wherein the upper
side of the back-side sheet body 1s extended to the frame and
1s fixed to the frame.

6. The vehicle seat according to claim 2, wherein the left
side and the rnight side of the back-side sheet body are fixed to
the frame by using fasteners in a state where the back-side

sheet body 1s pulled 1n the lateral direction so that the back-
side sheet body 1s stretched across the frame 1n a tensed state.

7. The vehicle seat according to claim 1, wherein the front-
side sheet body has a rectangular shape, a right side and a left
side of the front-side sheet body are pulled 1n a lateral direc-
tion by the spring member, and an upper side and a lower side
of the front-side sheet body are fixed to the frame by using
fasteners.

8. The vehicle seat according to claim 1, wherein the front-
side sheet body has a rectangular shape, a right side and a left
side of the front-side sheet body are pulled 1n a lateral direc-
tion by the spring member, and an upper side and a lower side
of the front-side sheet body are pulled 1n a vertical direction
by the spring member.

9. The vehicle seat according to claim 1, wherein the front-
side sheet body 1s stretched directly across the frame 1n a
tensed state.

10. The vehicle seat according to claim 1, wherein the
flexible back-side sheet body 1s stretched across the frame of
the seat such that load forces applied thereto causes a mem-
brane stress.

11. The vehicle seat according to claim 1, wherein the
frame includes:

side frame portions disposed along both sides of the seat
back body; and

a top frame portion disposed along an upper side of the seat
back body so as to connect upper ends of the side frame
portions.

12. The vehicle seat according to claim 11, wherein each of
the side frame portions and the top frame portion comprises a
pipe including a rectangular section having a longer side 1n a
longitudinal direction.

13. The vehicle seat according to claim 1, wherein the
flexible back-side sheet body comprlses a rectangular shape
with all of 1ts corners being cut off.

14. A vehicle seat, comprising:

a seat back including a seat back body and an upholstery
that covers front, back, and upper surtaces and both side
surfaces of the seat back body, wherein

the seat back body includes a frame having a frame shape
and serving as a framework, a front-side cover portion
placed so as to cover a front side of an 1nner space of the
frame, and a back-side cover portion placed so as to
cover a rear side of the inner space,

the front-side cover portion and the back-side cover portion
are covered by the upholstery,

the back-side cover portion includes a flexible back-side
sheet body stretched across the frame,

the tlexible back-side sheet body comprises at least one of
cloth, a net, or a resin sheet,

wherein the front-side cover portion includes a flexible
front-side sheet body and a spring member extended
between a peripheral edge of the front-side sheet body
and the frame to pull and tense the front-side sheet body,

wherein a degree to which the front-side sheet body and the
back-side sheet body are tightened is set such that the
front-side sheet body and the back-side sheet body do
not contact each other.
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